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Abalract: Y*‘‘**y favor a coamtc-r.iy propagation luilo comparable wl*h 

the tlilcknesa ot the prlnuiry radio emlsHion disk of our ihilaxy and the 
halo seen around , 

1. OKFINITIONS OF CAUCTIC HAUhS 

We dirflne a t^alactlc halo to he a ('e^tlon containing t<> lat Ivlst Ic particles 
in significant enough luunhets le have ohservahle ef tecta. Such a regli»n 
must also extend above and beK>w the galactic plane tor a distance larger 
than twice the scale height of the source region. Using these dellnl- 
t Ions, we distinguish between a coamlc-ray electrim halo and a cosmlc-iay 
nucleon halo, the former occupying a volimu' less than or equ.il to tliat 
occupied by the latter because electrons can suffer significant energy 
loss by synchrotron emission and Ik-upton Interactions during their life- 
time whereas nude.* do not. llie electron halo Is manifested through ob- 
servations of radio synchrotron emission and x-ray and pioductlon 

from Compton int eract Kxts . Tlie nucleon h.ilo, which plays a aignlfic.int 
role in the dynamics ot the lntt>rstell.ir medium and In determining the 
prop.igatlon cb.aracter 1st Ics of cosmic rays. Is not diiectly observable by 
y-ray astronomy bec.iuae ot the extr»‘roely tenuous nature of the gas far 
from the galact Ic plane. (Cosnic ray nucleons must interact with gas In 
Older to produce observabli’ -^—raysl . However, Indirect arguments using 
data on the distribution of y raduition In the plane can be used to place 
limits on the dimensions ot the nucl«*on halo fStecker and Jones 1977). 
y-ray observations provide the only means for studying the nucleon luilo. 

both electron and nucleon halos can be separated Into two regions. Tliere 
Is (1) a I "glon when* particle propagut it'n Is domlu.it«*il by dlttuslon and 
there Is a significant probability for particles In the region to return 
to the plane. Since this region will generally have the tonn of a thick 
disk, 1 will c.ill it the dlttuslon disk. (.’) 1 also define a ri'gion whete 
convection or fiee esc.ipe di'min.tles over diffusion. I’at tides In this 
region will not leturn to the propagat ion disk (.tones 1978). Tills region, 
which 1 will call tlie ♦•xoiilsk, (St»ck«*r 1977) will geiu*r.il ly h.ive a lower 
particle density but nuiy still have obsi-rvable r.idio emission (Webster 
197!>). We will considei only dynamical flpavlch 1973, Joklpll 197b, 



.mil .li>ktplt 1‘177> .mil ill(*ubli>u h<tli>ti ti* I’f Ic.ill v pl.iuHibU'; 

tia|>|<iU{V, i li’sfil i»i "li'dkv lu»\*' pii'ili'lii Imvi* iu* |'liv»li'<tl hanlH uul .ilHi» 
t i'lU r.iil li't i*v iilcMU'c ot Utr^c* hi alt* t;rdil 1 t*iit h In (lif i'i>hmii- i av 

il iHt I ll>Ut liMl ^Sti'Okrl I'*/?, Sti'l’kil' aUil .li'U**K l‘i/'7>, 

KNlSTKNl'K OK A I'KOI’AO.UlON DISK 

Tlu* ^ *av iliil.i IriMu lu'th SAS-J O’li'litfl ft .»!. l‘<7S) aiul I'l'S-K vH»Mm»ttt 
«>t al , l‘J77) ifijulif that fosmli'-t a\ a not hf Htilctlv rout ln«*il to splial 
.nmn; tlu*v nmat ilittkiao lnti» a l/irK«*v i>ii<|>a>^at Ion io)*lon. It ii>sinii* lava 
kiiMo Mtili'tlv ionflniil to wo 11 iU*t inoit spiral annti with a laim* aim In- 
toi.iim >;as latlo, as In ttu* pas vKohiMts 1^77), tho losult WiMiUI ho splial 
aim |>i-akK In tho i-vav li'npltiulo il 1 Ht i ihut ion whioh Wi>nlil ho ti*o pi iiniumooil 
.iiiil ti*i» Intonao In oi'inpai * Si»n to tho data l.'itoikoi 1‘I77, StOiki*r aiul -lonoH 
l‘»77). Ah a wpoi lllo ox.implo, wo mav noto tho lark ot a Sap.ittariuH arm 
ti'atnio at t ■ M** in tho i-iav data. 

Fnithoi ovlilonoo tor a pi i'pap.it K'n disk oomos t ri«m analysiH of tho noii- 
thormal ladii' Ci'nt iiunim d.ita which shows ih.at cont inomont ot cosmic laya 
t i’ Hpital arms is nntonahlo (French and Oshorno l^7h> and that thoro Is 
a Stroup, disk compon«*nt ot lumthornal tmission (1‘rico l‘>74>. Mi>st moasnro- 
monts ot *‘’ho in t lu* coswtc-iavs (o.g. ('arc ia^Mnnot ot al, 1^177) indlcato 
th.it ii*snic lavs havo a moan litotlroo in tho tango (l-i*'xlO^ yr and have 
tiavoisoil a gas of moan donsitv during that t into ot O.lS-O.t cm"'. It 
thlH Ih iiiiloi'd tho caso, tho cosmic rays within ~ I kpc i»t us must havo 
.spout nmsl ot thoir t imo in regions ot ijulto low donsity slnco tho moan 
ili*nsity in tho gal.ictic disk in i ho solat vicinity is ~ I cm"' (Coidon 
<»n.l HuitiUi l‘*7h, .loii'nins l‘>77^, Tho '^'ho situation is still not compl«*tolv 
sottloil (soo sunmarios of tho data given hy Stockot and Jonos \^77 aiul 
lUmoH .-md Ki«*if*r l*>7h), Ornos .md iroior (l‘*78' h.avo shi>Vi'n that on«* can 
huild a nhulol of coHmic-iav piopagation which is consistont with tho data 
on cosnlc-rav compos 1 1 ion as well as tho ladlo and >-ray data assuming a 
m«‘an cosmic rav ago ot (l-J'xUv yr. I'vn.imlcal cons Idorat ions (hadhwar 
and .‘'tophons 1‘>7S, l*ai kor l‘<77> also tavor a thick propagat ion disk modol, 

1. lATlTl'UK I'lSTRlHl'TK'N OF ^-KAYS AW THF H FCTKON llAl.O 

Fichtol ot al. (l‘>78) havo considoiod tho latitudo dlstrihution ot Y~iays 
1 'hnoivod hy SAS-J to ho mado up ot two Ciunponont s i*t tho toim A+KN||i. 
I’omponont A has a vorv stoop onorgy spoctrun. It is most llkolv of cosnsi- 
logical origin (Stockor l‘t77, l‘>78al and is so isotropic .is ti» «‘xcludc 
laigo i|uasisphei leal halos with tadil loss than AS kpc (Fichtol ot al. 
l‘i/8>. Tho isotropy and onorgv spectrum ohsorvat ions lulo out tho largo 
Y'lay halo phuIoIs dlsvussod hv Worrall and .Stiong (l‘>771 (although thin 
halo models considoud hv Koirall (l'«771 are consistont with tho conclu- 
nlon*- ot this soction'. Wo will thus consldor that anv oxtoudod i-rav halo 
i-wlih dlmonslons Id-.’l) kpc ho either non-oxlstont oi too weak to ho 
»»h.-;oi vah lo at piosont, a conclusion which has intoiostlng Impl Icat ions 
li»r hlt’.h onoi gv cosmology (8t«‘ckor l‘>78h.l Wo do, however, considi-i tho 
po'.slhllitv that the component do^ignatod hv Fichtol ot al. (I'J/Sl as 
HN'iii, which tluv h.'ivo shown to havo ronghlv linear dopondenco on Nju foi 
|hj'*li'*, I .in al?.o roproa«-nt tlu' sum of .i nnmhor ot disk component s which 
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sc*l« roughly «a cac |b|. Such « rough vlaponUonca h«a pravioualy baen 
ahovn by Plchtal at al. (1977), Thlt cowponant can alao includa a con- 
tribution from Compton Intaractlona of coamic ray alactrona In tha radio 
dlak (Stackar X977) aa vail aa bramaatrahlung and n»-dacay Y~raya arlaing 
from coamic ray Intaractlona with both HI and H 2 In tha gaa dlak. Tha 
alactron halo vlll than ba Idantlflad with a thick dlak-ahapad propagation 
raglon which axtanda aomavbat furthar than tha radio dlak If tha aungnatlc 
flald falla off with dlatanca from tha plana. y-raya from thla **alactron 
halo** than arlaa from Compton Intaractlona batvaan alactrona and tha 
varloua photon flalda (atari Ight. far Infrarad. vmlvaraal mlcrowava) in 
tha galactic nalghborhood , In aupport of thla hypothaala va nota that 
Plchtal at al. (1978) hava alao found a good correlation batvaon tha Y- 
ray flux and 150 MH» radio flux for jb|>10*. Working from thla typa of 
modal Schllckalaar and Thlalhalm (1977) hava obtained an aff active half— 
thlcknaaa of tha alactron halo h ~ 3 kpc . I'tackar and Jonaa . taking 
varloua uncertain! laa into account hava obtained tha raaulta h “ 2^2 kpc. 

To raaxamlna thla problem here, wa flrat consider tha y— raya arising In tha 
matter dlak from n*>decay and bremsst rahlung (r»4-8). Using tha taddanlng 
data of Hellas (1976) and the relation between reddening and total hydro- 
gen columii density given by Jenkins (1977) , the n*-dacay produc- 

tion rate of Stackar tl^O). and tha bremast rah lung prodvictlon rata cal- 
culated using tha low energy electron spectrum derived by Goldstein at al. 
(1970). we estimate tha Integral y-ray flux above energy J (>Cy^ • ^9 

lie within tha region In Flgvire 1. bovmded by upper and lower limits 



Figure 1 


Integral tlvixes In tha directions of the 
galactic poles (see text). 
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l*y (Ul.> .iiul (11.). Kl>i\tii I alHO n)u>wh t tu* ilal.i »»ii tlu* Iho- 
tiopit* .tiul illnk cotnpiMitMil (»tu.wn l»v Kti'hli'l *•! .it. (147M). 

All ol I lu*ni' an* iilu>wit iOi b • **0*. Tlu' iiMiuiitlnt; cuivi*, m.it kotl 

r, nlu«W(i t h«* t'Mtlmati'kl (lux I't Ti'inpton y-iiiVH ti»«m .in i*lt*»lion h.ilo i*l 
lull! I lilt'kiu'HM li • l.S k|u*. Siu'li <1 I'l mpotinnt wIumi a.ttlt'il to t lio utB 
iiMttpiMiont will provUto a bittot 111 to t ho il.it.i, MoppoitliiR the hypothouU 
»»l a thin .link nhapoil oloition halo. llila loaiilt .xhiooh with .in.ilyala 
**t the i.ullo kl.it a hv lllov.ituky ami I tspieiix (I ‘•7.’) .in»l H.ililwln (I ‘177). 
llk*Wk*vet , the laij;*' nnc«>rta Int !«*« In both the y lay kl.it.i .nul thk* thok'ie- 
t tk'at k'a I ('ll I at IkMih nuiot bo emtih.iMlred. 

A. lOSlMlThK niSTRllUIVli'N OK y RAYS ANP HIK Nl'l’l.KON UAIO 

Since coHmlc lav nncteoiiH do ni>t piodnce uieaHiii .ibt e nnmberH ol y-i.^iyK 
out ot the gaa dtak ol tin* i:.il.iK> , we muMt I(>H(MI t (' liulliect .leteimlna- 
t l(>n ol theli pi k'p.i);.it Ion b.iKe.l on thelt kleduced i.idl.il dli>t i Ibut Ion In 
till' n.il.ict Ik’ pi. me. IIiIh waa the KihIc Ikh-.i piopk*»ed In the an.ityMlM 
ot St ••cker and .liMiea 11*177). 1l 1 h b.iMed on unIiii; a almple lHk>t topic 
dltluslkkii mk'klk’l tk’i coamlc i.iv pik'pag.it liUi which m'l'iu.-i leaVk'iiable It the 
pi kip.ip..it lk»n legion d(<ea ii(»t ext I'lul tOk* t.ii liom the plane. Koi Hk»n- 
iHk'tik’plc dlttiiKlon with klltlusikin Ck»iM I Ic Unit m pei pend Iculai and p.ir.il- 
lel tki the plane P, and Pn , the derived wl^dth ol the dlttuuton dink (hale) 
need k*nlv be tic.ili'kl by tin* t.ictk*i .1kMn*i» (l'»7S) haa conaldeied 

dvn.imlc.il halkiK .nut t liulx that nKulela with (>ut t K*w m.iv bi* lepl.iCk'd by 
puik’ly dlltnstve r.x'.lelM with smaller eltectlvi* haU' thlckiu*«s In .maly- 
r Inp, the y I av lesultN. Hila bi In^a ua back to the picture k*l a dlllu- 
s Ive pik'pay.iit 1 k*n dink aur i k<unklk*d bv an cxv'kllsk wheie k'ut I U'w dkMiilnatea 
k<V('l dtttUHlkMI. 

It has been nIuiwii that It k<ne an.ilyreH th.' K'n>;llule d lat i Ibut U'U (>t 
^^i.iy emlNMlk'u In the plant', taklii); .icckkunt (*l tin* pieKenci' ot tai^e 
ai'H'unt a k»t llj In tin* Inm'r i;.il.ixv, the tmpltekl Ck*amlc i av i.nllal dla- 
1 1 Ibut Ik'ii clkksely ieaemblk*a tin* d lat t Ibut Ik'ii (*l auperiu'v.ie (SN) In the 

0. 11aw, lmi*lylnn •» R.ilak'tlc oi(|;in (»t Ck*amlc r.iva (St eckei l‘*7S). Hie 
Ck'amlc ray d lat t Ibut Ik'u la thi'ielktr.* ak'urce dt'inln.it t'd k'u a acale ol a 
lew klikkpaiaeca and wi* tht'ielk'ie expect tin* dltluaiktn h.ilk> tk» be at 
mktat a t i*w k I li'p.it st*ca thick. 

StCkker .ind donea (l‘l77) luive tivide the conclualon nkti e kpiant 1 1 .it Ive 
bv Ck'iia Ider iiix viit lk>ua mt'klela having; iH'und.irlea auch that at .i kllataiice 

1. '- ^Mi tiom tin* plane t lu' ct'amlc r.iv denaltv kli.tpa t (» 0. Tlie pl.inea 
(let I lik'd by |c| • 1. ikMifthlv correapi’iid to the boiindaiy between the 
dittiiaik'ii dlak and the exk'dlnk. Palnn SN and piila.ir ak'urce d lat r Ibut Iona , 
Y i.iv emlaalvttv kl I at r Ibut Ions wt'ie Ck'mpiiti'kl l»*r vai Ik'iia valui's k't 1. 

.iiikl Ck'mp.ire.l Ik'i pr.’b.ib 1 1 1 1 v k't lit with the SAS-.’ klata. Tlie lesulta 
v.ii ik'kl 1 1 k'ln .1 ~ 10 to all pk'i.'cnt prob.iblllty ki| tit tk'i l.«;7h“l kpc !(» 
a ~ S to .’0 pk’ik k'iit piob.ibtlltv ot tit 'k'l l.^»»h- t kpc tv’ a pi k’b.ib i I 1 1 y 
lit k’t the k’ldei k't .1 I k'w pel k cut Iv'i h - J . S kpc. riiiia, within tin* 

1 1 .imewk' I k k’l t hk' .•in.ilvata it .ippeai a ih.il tin* Ck'smic i av nuclek'ii "halv'" 
luia an ell.>ctl'-( h.ill width h ' kpc. Vk'.iaui ement s v'l tin' etieip.v 
••pk’k t I kiiii k’l ('..il.ii'l ik' ^ r.ivs 1 Seniik't t k't .il. l‘>77, knitleii i*t .il . I'l/kS) 


liuttcatr thAt pcvh.ipH up to ~ of iho rAiilAtion aIh'vo UX> MrV mAV bo 
1 1 om olocti’iMt bromKAtt'Ahlunit . Uowover It 1 h «tlll rr.ii»ouAblo to ANAiiino 
thAl thr olocti'onM aiuI iuu'Ioouh havo tho Aamo Houtro d lAt r ibut Ion . 
lining tho lORultA of tho piovlouA Koct ion which liullCAto a compataMo 
wlvlth loi tho olootron dlffuNlon di*k. It tollown that tho ronult lor 
tho luicloon dlffuAlon disk h v Ikpc, «1tould ntlll bo valid. 



Klguro 2. Kolatlvo oolurui donwlt y of cosmic ray nuclol as 
soon from outsldo tho I'alaxy tor tho diffusion 
im'dol ot Stockor and .lonos with L • .1 kpc. 



Figuio 1. Contour plot ol horn omission tiom NVi'tt**! , a galaxy 

similar to ours but with stiongor radio omission and 
a strong nucloar omission ooraponorrt (Allon ot al. 

1*178^. Note tho similarity to th*’ halo mi''dol sht^wir 
in riguro 2 , 




Figure 4. Cross sectional contours of constant cosmic ray ti’i it • 
In the r-Z plane for diffusion halos with L ■ 1,3 and 10 kpi. . ( 
Stocker and Jones 1977) Tlie effect of the increased supern -v 
density in the "Great Galactic Ring" at 5-6 kpc is seen in iln 
location of the peaks. Scales are in units of 10 kpc. 



OlVfUNAl PAG!', It 
PtH 'R orrAr iry 


Figure 5. L ■ 3 kpc contours from Figure 4 superimposed on a '. hoto- 
graph of N'GC891 (courtesy Hale Observatories) to illustrate 'lie 
scale of the halo models discussed in the text. 
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